Infantile hypertrophic pyloric stenosis (IHPS) is a condition affecting infants in the first few months of life. The condition is manifested by persistent vomiting and is caused by a hypertrophied muscle obstructing the gastric outlet. The condition is treated by pyloromyotomy. The incidence is 1-8/1000 births and varies among different populations. The etiology of IHPS is unknown, but both genetic and environmental factors are thought to contribute to the disease. Genetic linkage analysis has so far localized five loci that could harbor genes contributing to IHPS. The only gene implicated in IHPS is the nitric oxide synthase gene (NOS1), in which a single nucleotide polymorphism (rs41279104) in the promoter region has been associated with the disease in 16 patients. In this study, we examined an association of this SNP in 54 familial and 28 sporadic cases with IHPS, and compared the results with normal controls using univariate and multiple logistic regression analysis. We could not confirm any association between the analyzed SNP and infantile hypertrophic pyloric stenosis.
INTRODUCTION
Infantile hypertrophic pyloric stenosis (IHPS, (OMIM no. 179010)) is a condition affecting infants in their first few months of life. IHPS is caused by hypertrophy of the circular muscle layer of the pylorus, leading to persistent vomiting typically at 3 weeks of age. The incidence is 1-8/1000 in Caucasians and incidence varies greatly among other populations. 1 Males are more commonly affected than females, with reported ratios of 4:1. 2 The causes of IHPS are multifactorial, in which both environmental factors and hereditary factors are believed to contribute. Possible etiological factors include deficiency of nitric oxide synthase containing neurons, abnormal myenteric plexus innervation, infantile hypergastrinemia and recently exposure to macrolide antibiotics. [3] [4] [5] Genetic linkage analyses of familial cases with IHPS have suggested five loci that could harbor genes contributing to IHPS; 12q24.2-q24.31, 6 16p13-p12, 7 11q14-q22, 8 Xq23 8 and 16q24. 9 The only gene, so far, that has been implicated with the development of IHPS is the NOS1 gene. 10 NOS1 is located on chromosome 12q and encodes neuronal nitric oxide synthase.
Nitric oxide is a major inhibitory nonadrenergic, noncholinergic neurotransmitter in the GI tract, causing relaxation of smooth muscle of the mammalian digestive tract upon its release. This raises the possibility that pylorospasm could be caused by a defect in nitric oxide production. Neuronal nitric oxide synthase (NOS1) is the enzyme that catalyses the formation of nitric oxide in neurons in both the central and the peripheral nervous system. The neuronal isoform (nNOS) of the enzyme is one of three described isoforms, the others being inducible NOS and endothelial NOS. nNOS has been described as the main source for production of NO in the gut. 11 Impairment of nNOS synthesis has been implicated in IHPS 10 and also in other manifestations such as achalasia, diabetic gastroparesis and Hirschsprung disease, reviewed in reference. 12 Also, knockout mice with targeted disruption of the neuronal Nos (Nos1) gene developed enlarged stomach with hypertrophy of the pyloric sphincter and the circular muscle layer. 13 A genetic alteration in the human NOS1 exon 1c regulatory region influences expression of the NOS1 gene. 14 A reporter gene assay has shown that an A-allele in the exon 1c promoter SNP c.-84G4A (single nucleotide polymorphism, also known as rs41279104) located in a putative regulatory region has an approximately 30% reduced expression of NOS1. Furthermore, this allele has been shown to be a risk factor for IHPS. 14 This prompted us to examine the association between the c.-84G4A SNP in the NOS1 gene and IHPS, in a large cohort of familial and sporadic cases of patients with IHPS.
MATERIALS AND METHODS
Patients with IHPS were identified from Swedish Paediatric Surgery Clinics in Sweden (Stockholm, Gothenburg, Uppsala and Lund). All patients were clinically diagnosed with isolated IHPS and underwent surgical treatment. Patients affected with IHPS as part of another genetic syndrome were not included in this study. The patient's parents were asked for additional familial cases and then interviewed over the telephone to construct a pedigree. Skin biopsies or blood were sampled after informed consent. In total, the patient group consisted of 82 patients; 54 of them were familial cases (two or more affected individuals in the same family) and 28 were sporadic (no known family history). The sporadic cases were all male patients. In the familial cases 18 were female and 36 were male patients. In the case of a familial inheritance, one individual per family was included in the study. The control group consisted of a total of 80 anonymous blood donors (37 females and 43 males). The study was approved by the Research Ethics Committee of Karolinska Institutet.
Genomic DNA was prepared from fibroblasts or peripheral blood using a standard protocol using phenol and chloroform. To determine the sex of the individuals in the control group the SRY gene was amplified from genomic DNA using PCR. Primers and amplification conditions are available on request.
The promotor sequence of exon 1c of the NOS1 gene was amplified using PCR with the primers 'NOS1 ex1c fwd' (5¢-AGGTCAGAGCCTGGGGAAGC-3¢) and 'NOS1 ex1c rev' (5¢-CTCCTGCCTGGGGAGCTGAG-3¢). The PCRs were performed using 1Â PCRAmpBuffer (Invitrogen, Life Technologies Corporation, CA, USA), 1.5 mM MgSO4 (Invitrogen), 2Â PCR Enhancer solution (Invitrogen), 1.25 U Taq DNA Polymerase (Invitrogen), 0.2 mM dNTP (Larova Biochemie GmbH, Teltow, Germany), 2 mM of each primer (Thermo Electron Corporation, Thermo Fisher Scientific GmbH, Ulm, Germany) and approximately 100 ng of genomic DNA in a total volume of 25 ml. PCR amplification was performed at 95 1C for 2 min followed by 35 cycles at 95 1C for 45 s, 63 1C for 30 s, 68 1C for 1 min and a final extension step at 68 1C for 4min. All amplifications were performed in a PTC100 (MJ Research/Bio-Rad Laboratories Inc, Sundbyberg, Sweden).
The PCR products were purified from unused dNTP and primers using ExoSap (USB Corporation GmbH, Staufen, Germany) according to the manufacturer's instructions. DNA sequence reactions were performed using BigDye Terminator v1.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's recommendations and analyzed on an ABI 3100 (Applied Biosystems). Chromatograms were generated using Sequencing analysis (Applied Biosystems).
Data were analyzed using univariate and multiple logistic regression analysis, using SAS System 9.1 (SAS Institute Inc., Cary, NC, USA). An exact logistic regression analysis was performed when the cells in the cross-tabulation of the outcome variable status and the independent variables genotype and gender were less than 5. When comparing familial and sporadic cases to the controls regarding genotype (G/G and A-carriers) a generalized logit model was used and optimization was performed using Fisher's scoring. The same parameters were used when comparing cases with controls vs. genotype (G/G and A-carriers) and also when searching for possible interactions together with male or female sex in the familial cases. Results were presented as odds ratios with 95% confidence intervals. Po0.05 was considered statistically significant.
RESULTS
Using DNA sequencing analysis the frequency of the different genotypes (G/G, A/G or A/A) of an SNP located in the promoter region of the NOS1 gene were determined for each individual. Frequencies of the genotypes were determined in familial cases (54 individuals) and sporadic cases with IHPS (28 individuals) and compared with the frequencies observed in a control group (80 individuals).
No association between carriers of the A-allele in the NOS1 gene and IHPS was observed (data shown in Table 1 ). Comparing homozygous G-carriers with A-carriers in the familial cases (OR¼0.43; 95% CI: 0.17-1.05; P¼0.06) and in the sporadic cases (OR¼0.53; 95% CI: 0.18-1.59; P¼0.26) no statistical difference could be observed. Also when comparing all cases, familial and sporadic together in a group, with controls no significant association was detected (OR¼0.47; 95% CI: 0.21-1.00; P¼0.05) regarding A-carriers compared with G/G carriers.
Finally, taking genotype (homozygous G-carriers or A-carriers), sex (male or female) and familial inheritance together no interaction could be detected (OR¼1.10; 95% CI: 0.13-10.89; P¼1.00) using multiple logistic regression analysis.
DISCUSSION
Many previous publications have suggested that nNOS expression have a role in pathogenesis of IHPS. Several studies have shown that IHPS patients have a reduced expression of nNOS in the investigated area of interest. 10, 15, 16 Previous results have also shown that in the presence of the c.-84A SNP a 30% reduction of NOS1C expression can be seen using TaqMan expression analysis. 14 In this study, we have analyzed a large group of patients with IHPS with regard to a single SNP, in which, previously the A-allele has been associated with IHPS in a small subset of cases. 14 Our patient material consisted of both familial and sporadic cases affected with isolated IHPS. Genetic and statistical analysis of the results regarding a possible association of the c.-84 SNP in the promoter region of the investigated gene, sex of affected familial and/or sporadic patient failed to find any significant correlation. In contrast, our findings show that the G-allele of this SNP was more common in the patients compared with the controls (Table 1) , although this finding was border-line significant (P¼0.05). This is in opposition to previously published results, and suggests that some other mechanisms than this SNP are involved. However, one must consider that the NOS promoter diversity is one of the most complicated described so far, it is not unlikely that expression of NOS involves many different factors.
In this study, we have analyzed in total 82 patients operated for IHPS and therefore have more statistical power compared with the 16 cases that were investigated in an earlier study. Another discrepancy between the two studies is the allele frequencies in the control groups. In our control group the frequency of carriers in the A-allele is 29%, but in the publication by Saur et al. 14 this frequency was only 17%. The reason for this is so far unknown, but the genetic difference between the population in Sweden compared with Germany probably cannot explain the whole difference. The difference between the two studies could also be because of different sample sizes.
IHPS is more common in male compared with female patients with a reported sex ratio of 4:1. 2 In our collection of sporadic cases we have a sex ratio of 13:1 (data not shown). The reason for this discrepancy may be a bias on our collected material, in which familial cases were more predominant, and therefore not so successful in collecting all sporadic cases. It could also reflect the fact that affected female patients might be clustered in families. In our study, all our 28 analyzed sporadic cases were male patients. The reason for this is thought to be the sampling bias described above. So far the NOS1 gene has been the best candidate gene for IHPS. The expression of NOS1 has been shown to be reduced in patients with the disorder. In addition linkage mapping has proven linkage in the region, in which NOS1 is located (Svenningsson et al., manuscript in preparation), suggesting that the NOS1 gene is the best candidate gene for IHPS, so far. Further studies are recommended to explain the reduced expression of the NOS1 gene in IHPS patients. Genetic screening of the whole NOS1 gene is recommended, to investigate other possible genetic alterations in NOS1 that could be of importance for the development of IHPS.
